Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1-8 in the 
underlying PCT Application No. PCT/DE2004/001449 and adds new claims 9-18. 
The new claims, inter alia , conform the claims to United States Patent and 
Trademark Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R, § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) and 1.125(c), a Marked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE2004/001449 includes an 
International Search Report, dated October 21, 2004, a copy of which is included. 
The Search Report includes a list of documents that were considered by the 
Examiner in the underlying PCT application. 

Applicant asserts that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON LLP 





Gerard A. Messina 
(Reg. No. 35,952) 



One Broadway 

New York. NY 10004 

(212)425-7200 



5 



•.1 



ima^i^WMm MAR 2006 



[10191/4346] 

METHOD FOR PRODUCING ETCHED HOLES AND/OR ETCHED TRENCHES AS 

WELL AS A DIAPHRAGM SENSOR UNIT 



Tho pr e s e nt i nvention r e lates to a m e thod for producing e tched hol e s and/or otch e d 
trench e s, as w e ll as a diaphragm s e nsor un i t according to the d e fin i tion of th e 
spocios i n Claims 1 and 7, r e spect i ve l y. 



5 Background Information 

In semiconductor technology, there are an array of applications in which etched 
holes and/or etched trenches must be produced comparatively deep into a substrate, 
e.g., into a wafer or possibly completely through the substrate. In particular, 
producing a through hole in a wafer, for example, is difficult in most processes. 

10 

A method in which a silicon wafer is etched from the back, at the points at which a 
continuous trench or a through hole is to be produced, up to a predefined non-critical 
depth with the aid of a KOH etching process, for example, is known. Subsequently, 
the resulting etched structures are filled up with a resist, e.g., photoresist. 

15 Furthermore, the continuous trenches or the through hole may be etched into the 
wafer from the front without problems, the resist being used as an etch stop 
simultaneously preventing etching medium from being able to reach a particular 
region of the process system and/or the wafer clamping device on the back of the 
wafer through the wafer, the process thus being stopped and/or the particular units 

20 being contaminated. 



Such a procedure is comparatively complex, however. This is because, as the wafer 
back is structured, the front must be protected from damage simultaneously. In 
addition, a separate resist application step is necessary for filling up the depressions 
25 arising on the back. 



Object and Advantag e s of the Inv e nt i on 

TheAn object of the present invention is to make the production of etched holes 
and/or etched trenches in a substrate comparatively simpler and more defined. 

30 

Th i s obj e ct is achi o vod by th e f e atur e s of Cla i ms 1 and 7. 
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Advantag e ous and e xped ie nt r e finements of the pr e s e nt inv e nt i on ar e spec i fi e d i n 
the subclaims. 

5 Summary Of The Invention 

The present invention is first directed to a method for producing etched holes and/or 
etched trenches of components based on silicon and/or a layered silicon/insulator 
structure. TheA core of the present invention is that a germanium-containing layer 
and/or a germanium layer is provided at the point at which or in whose surroundings 

10 an etching procedure in the silicon and/or an insulator is to be completed; detection 
for germanium and/or germanium compounds is performed during the etching 
procedure, and the etching procedure is controlled, in particular interrupted, as a 
function of the detection of germanium and/or germanium compounds. This 
procedure is based on the recognition that germanium and/or germanium 

15 compounds may be comparatively easily detected in an etching procedure in relation 
to etching products during the etching of silicon or insulators typically used in the 
semiconductor field. A mass spectrometer or an optical emission spectrometer may 
be used to detect germanium or germanium compounds, e.g., to analyze an etching 
plasma. 

20 

For example, in an etching plasma based on fluorine chemistry, the occurrence of a 
GeFx line is monitored using an optical emission spectrometer, in order to be able to 
determine that a germanium layer and/or a germanium-containing layer has been 
reached. The occurrence of a line of this type in the spectrum may be used as a 
25 "stop criterion" for the etching process, specifically when etched trenches or etched 
holes are to be introduced up to the corresponding germanium and/or germanium- 
containing layer in a wafer, for example. 

In a particularly preferred embodiment of the method according to the present 
30 invention, the germanium and/or germanium-containing layer is applied to the back 
of the silicon wafer. Through this measure, an etched trench or a hole may be etched 
through the entire wafer using typical plasma etching processes; complete etching 
through the wafer may be determined easily by the detection of germanium etching 
products. At this moment, the etching procedure is preferably stopped, so that there 
35 is still not a continuous passage to the back of the wafer. Rather, the germanium 
layer represents a protective barrier, so that no etching medium may reach a wafer 
clamping device on the back of the wafer, for example, and/or support of the wafer 
using a vacuum chuck is still possible, for example. 
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Preferably, after completing the etching procedure up to the germanium and/or 
germanium-containing layer, this layer is completely removed. A germanium layer or 
a germanium-containing layer may be removed selectively from silicon and/or typical 
5 insulators used in semiconductor technology, for example, with the aid of hydrogen 
peroxide or etching solutions containing hydrogen peroxide. 

A germanium and/or germanium-containing layer, e.g., a germanium-containing 
silicon layer (SiGe) may be deposited using CVD (chemical vapor deposition) or 

10 PECVD (plasma-enhanced chemical vapor deposition) if this is compatible with the 
overall process, the preceding process steps in particular. A germanium or 
germanium-containing layer may also be sputtered on, which is possible at 
comparatively low temperatures. In the event of layer production using sputtering, 
there is also the possibility of combining a germanium and/or germanium-containing 

1 5 layer with further layers into an advantageous layer sandwich. For example, the 

germanium and/or germanium-containing layer may be provided with a metal cover 
layer, such as tungsten-titanium, for example. This has advantages in regard to 
contamination prevention. 

20 A germanium and/or germanium-containing layer applied to the back of a wafer may, 
for example, also advantageously be used for breaking up the wafer into electronic 
components by producing trenches which completely penetrate up to the germanium 
layer in the wafer and removing the germanium layer in a following step, through 
which individual components corresponding to the etched trenches arise, since they 

25 are no longer held together by the rear germanium and/or germanium-containing 
layer after it is removed. 

In an additionally preferred embodiment of the present invention, the germanium 
and/or germanium-containing layer is buried in a layered structure. In this structure, 

30 the germanium and/or germanium-containing layer may be used in a controlled way 
as the "etch stop" layer, in that germanium and/or germanium compounds are 
detected during etching procedures in a layer lying above and/or multiple layers lying 
above (which do not contain germanium). In this way, "trench etching processes" or 
etching processes for producing a cavity may be performed in a more defined way, 

35 for example. 

These advantages may be achieved in particular in a diaphragm sensor unit having 
a substrate made of silicon or a layered silicon/insulator structure, which includes a 
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flat diaphragm to implement a sensor element structure for a sensor if, according to 
the present invention, a germanium and/or germanium-containing layer is provided in 
the layered structure. 

5 A buried germanium and/or germanium-containing layer in the layered structure may 
simultaneously be used as a component functional layer. For example, this layer 
may be used as a diaphragm which arises in one or more etching processes by 
removing adjoining material, such as silicon or silicon-containing oxides. Such a 
procedure is reliably possible through the comparatively exact detectability of 
10 reaching the germanium and/or germanium-containing layer. 

In principle, a germanium and/or germanium-containing layer may be used to control 
a lateral and/or vertical etching process on the substrate. 

15 Drawing 

An ex e mplary e mbod i ment of th e pres e nt i nvention is described on the basis of the 
follow i ng draw ing w hile s pec if ying f urth e r advantages and deta i ls> 

Brief Description Of The Drawings 
20 Figures 1 through 6 show schematic sectional representations at six process stages 

of a process sequence, simplified to e ss e nt i al important steps, on the basis of the 

example of producing a piezoresistive force transducer in SOI (silicon on insulator) 

technology. 

25 Detailed Description 

An SOI wafer 1 is shown in section in Figure 1 . SOI wafer 1 includes functional 
silicon 2 and an SOI oxide layer 3 on bulk silicon 4. 

In Figure 2, the layered structure after structuring functional silicon 2 into subregions 
30 2a with the aid of a photoresist mask 5 using an anisotropic etching process is 
shown. Functional layer 2 is trenched (etched through) up to SOI oxide layer 3. 

Figure 3 shows a process stage according to the following steps: 

35 Resist mass 4 was removed. "Trenched" regions 7 were filled up between functional 
silicon regions 2a using a filler oxide 6, and filler oxide 6 was opened again in 
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contact regions 8 via a furtlier mask/photolithography step. In two subsequent 
sputtering steps, the metal plating for contacts 8 on the front and a germanium layer 
9 on the back of wafer 1 were sputtered on. The contact plane was structured in a 
metal dry etching process, for example, via a further mask/photolithography process. 
5 Structured contact metal 8 remained as a result of this process series. 

The sectional representation in Figure 4 resulted according to the following further 
process steps: 

10 A PECVD protective oxide layer 10 was applied to the layered structure and the 
regions at which a "trench" (etched trench) are to be etched through wafer 1 were 
defined via a photolithography process step. Typical "trenching processes" may be 
used for etching a trench 1 1. In the present example, trench 1 1 was etched through 
the layered structure of thin protective oxide 10, filler oxide 6, functional silicon 2a, 

15 thin SOI oxide 3, and thick bulk silicon 4. A "deep trench" 1 1 through wafer 1 

remains, which ends at germanium layer 9, however, because the etching process 
was interrupted there due to the detection of the germanium layer in the etching 
process. 

20 The wafer, which is fixed on "blue tape" 12 for sawing, is shown with an already 
sawed sawing path 13 in Figure 5. For this purpose, wafer 1 was fixed on the "blue 
tape" by its front. 

Figure 6 shows the process stage with germanium layer 9 removed. For this 
25 purpose, for example, a hydrogen peroxide solution like a spray developer may be 
used, for example. After the germanium layer is removed, the wafer may be 
separated into the individual components by removing "blue tape" 12. 



MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 



•I 



Abstract Of The Disclosure 

A method for producing etched holes and/or etched trenches (1 1) of components 
based on silicon and/or a layered silicon/insulator structure i s d e scr i b e d . A 
germanium-containing layer and/or a germanium layer-(0) is provided at the point in 
5 the etching direction at which or in whose surroundings an etching procedure is to be 
completed. Germanium and/or germanium compounds are detected during the 
etching procedure and the etching procedure is controlled, in particular interrupted, 
as a function of the detection of germanium and/or germanium compounds. In 
addition, a diaphragm sensor unit is descr i b e d provided , in whose layered structure a 
10 germanium and/or germanium-containing layer is prov i d e provided. 
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